Objective: Past studies have produced ambiguous or inconsistent results when testing whether smokers actually underestimate their own risks of experiencing tobacco related illness. Whereas smokers claim that they are less at risk than the average smoker on self administered questionnaires, this unrealistic optimism has not been found in telephone or face-to-face interviews. We avoided the measurement problems of past studies and examined responses to a number of new questions to assess different aspects of smokers' perceptions. Methodology: A US national telephone survey (n = 6369; 1245 current smokers) posed a variety of questions designed to examine beliefs about the risks of smoking. For key questions, separate samples of smokers were asked either about their own risk or about the risk of the average smoker. Results: Smokers underestimated their relative risk compared to non-smokers and, contrary to previous interview surveys, believed they have a lower risk of developing lung cancer than the average smoker. Furthermore, their perceived risk of lung cancer and of cancer in general barely increases with the number of cigarettes smoked per day, and their estimates of their risk of cancer are actually slightly lower than their estimates of their risk of lung cancer. Substantial proportions of smokers and former smokers agree with several myths, more than half agreeing that exercise undoes most smoking effects. Conclusion: Smokers underestimate their risk of lung cancer both relative to other smokers and to nonsmokers and demonstrate other misunderstandings of smoking risks. Smoking cannot be interpreted as a choice made in the presence of full information about the potential harm.
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T he familiar idea that people begin to smoke cigarettes or continue smoking because they fail to appreciate the risks has received considerable attention. Numerous studies have examined smokers' risk perceptions, but only a limited number provide clear evidence that smokers underestimate their own risks. For example, Ayanian and Cleary 1 found that many smokers, even heavy smokers, did not acknowledge that their risks of cancer and heart disease were above average. Many other studies reveal that smokers judge smoking to be less dangerous than do non-smokers. 2 This difference could arise because smokers underestimate the risks or because non-smokers overestimate the risks.
Comparing smokers' numerical risk estimates with objective statistics may seem like a better way to assess the accuracy of their risk perceptions. However, this approach is problematic. Most lay people have difficulty understanding risk statistics [3] [4] [5] and almost never make decisions in everyday life that involve the use of numerical probabilities.
In fact, we know that numerical estimates of smoking risks by lay people can be highly unstable, so that small variations in the ways these estimates are elicited can dramatically change the answers given. 6 Furthermore, when people are asked to estimate smoking risks on a numerical probability scale, such as the number of smokers out of 100 who will develop lung cancer, 7 a suspicious spike in the distribution of answers often appears at 50% (or 50 out of 100). Research indicates that many of these estimates should be interpreted as ''don't know'' responses rather than as actual risk judgments. 8 9 Thus, judging accuracy solely from a lay person's numerical risk estimates is highly questionable.
Another way of assessing biases in smoking risk perceptions derives from the finding that even when people acknowledge risks for others, they nearly always claim that their own risk is less. 10 There is a large literature demonstrating the prevalence of this ''unrealistic optimism'' and examining the attributes of hazards that make it larger or smaller. 11 To demonstrate unrealistic optimism about smoking, a representative sample of smokers would be asked about their relative risk of illness on a scale that ranges from ''much below the average smoker'' to ''much above the average smoker''. If these risk comparisons were unbiased, the mean of the responses would be ''average''. A mean shifted significantly in the ''below average'' direction would indicate unrealistic optimism.
Many studies do find unrealistic optimism in such comparative risk judgments (that is, on average, smokers claim that their own risk is lower than the risk of their smoking peers) but a few do not. Nearly all of the studies that assessed risk perceptions via self administered questionnaires found unrealistic optimism. [12] [13] [14] [15] Most of the studies that used phone or face-to-face interviews did not. 16 17 * À Because answers to questions that might be influenced by social desirability, social approval, or self presentation are usually viewed by survey researchers as more honest when generated in private, [20] [21] [22] it is reasonable to suggest that the questionnaire results should be assigned greater weight than the interview results. However, the variation with data collection methods is puzzling. We believe that smokers are reluctant to claim that their risk is lower than that of other smokers (that is, that they are ''better'' than other smokers) if they must make this claim to an interviewer who might ask them to defend such a claim. This assertion is consistent with the suggestion made by Sutton 17 that, ''It is possible that the face-to-face interview imposes limits on the extent to which respondents feel that they can claim to be at lower risk than others whereas a selfcompletion questionnaire allows respondents more freedom to exempt themselves from such risks''. If these views are correct, indirect approaches for eliciting risk comparisons may reveal unrealistic optimism when questions that ask for direct self other comparisons do not. Supporting this hypothesis, three studies, two of smoking 16 17 and one of tornado hazards, 23 found no bias or even a slight pessimistic bias when respondents generated direct risk comparisons, but found unrealistic optimism when respondents generated separate risk estimates for themselves and for others.
Given these findings, it appears that asking smokers two separate questions, one about their own risk and another about the risk of an average smoker, may be a more sensitive way of assessing unrealistic optimism than using a single comparative risk question. Posing the first of these questions to one group of smokers and the second question to a different group of smokers would be even better. With this second strategy, respondents in neither group of smokers would feel that they are making claims about their superiority to others-a belief that they appear reluctant to express in interviews-and this method might also demonstrate that biases in perceived personal risks are present even when smokers are thinking about only their own situation, not just when they are making comparisons. This is the assessment approach followed in the survey reported here.
METHOD Sample
The HINTS (Health Information National Trends Survey) is a telephone survey of the USA conducted in 2003 that used random digit dialling to achieve a sample of 6369 respondents, ages 18 years and older. African Americans and Hispanics were over-sampled.
The category called ''current smokers'' included both ''daily smokers'', defined as individuals who said they now smoke ''every day'' and had smoked at least 100 cigarettes in their lives, and ''occasional smokers'', defined as individuals who said they now smoke ''some days'' and had smoked at least 100 cigarettes in their lives. ''Former smokers'' had smoked at least 100 cigarettes but did not smoke now, and ''never smokers'' were defined as individuals who had not smoked 100 cigarettes.
Instruments
The HINTS survey covered a wide range of topics relating to cancer communication, cancer knowledge, and cancer related behaviour. Only those questions relevant to the present article will be described here.
Core smoking risk questions
Three questions concerned the risk of lung cancer. The first asked smokers about other smokers of the same sex: ''How likely do you think it is that the average (male/female) cigarette smoker (that you) will develop lung cancer in the future?'' The response options and the numerical codes assigned to them were: ''very low'' 1, ''somewhat low'' 2, ''moderate'' 3, ''somewhat high'' 4, or ''very high'' 5. The second question asked: ''Overall, how many people who develop lung cancer do you think are cured? Your best guess is fine.'' Choices were ''less than a quarter'', ''about a quarter'', ''about half'', ''about three quarters'', or ''nearly all''. Finally, the third question asked: ''Would you say the average smoker has (you have) about the same lung cancer risk as a non-smoker, a little higher lung cancer risk than a non-smoker, twice the non-smoker's risk, five times the nonsmoker's risk, or 10 or more times the non-smoker's risk?'' Other smoking and cancer questions All respondents were asked about their chances of developing cancer before any smoking questions were posed, using the same ''very low'' to ''very high'' scale employed for the absolute risk of lung cancer. Four other questions posed to current and former smokers presented myths or risk minimising statements about smoking. ''Exercise can undo most of the effects of smoking.'' ''Vitamins can undo most of the effects of smoking.'' ''There's no risk of getting cancer if someone only smokes a few years.'' ''Whether a person gets lung cancer depends more on genes than anything else.'' The response options and associated numerical codes were ''strongly agree'' 1, ''somewhat agree'' 2, ''somewhat disagree'' 3, and ''strongly disagree'' 4.
Other questions
Respondents were asked about their smoking status and, for daily smokers, the average number of cigarettes smoked per day. Current smokers were asked about their interest in quitting, with response options ''plan to quit'', ''don't plan to quit'', and ''undecided''. Other questions asked about age, sex, education, and race.
Procedure
The core risk questions were asked only of people who did not have lung cancer. For the first core question, half of current and former smokers were randomly assigned to be asked about the average smoker and half were asked about themselves. The same procedure was followed for the third core risk question, though only for current smokers.
Analysis
The HINTS data were weighted to be nationally representative (see Nelson et al 24 for more details regarding the sampling plan for HINTS). For analytic purposes, variances of parameter estimators were obtained using a jack knife method. 25 A total of 50 replicate weights were computed for each sample unit and this number-obviously much smaller than the sample size-will be the denominator degrees of freedom in the appropriate statistical tests.
The following results refer to data weighted to be representative of the US population. Because of the multiple tests conducted, only results with p , 0.01 will be considered significant.
RESULTS

Sample characteristics
Weighted and unweighted sample characteristics are shown in table 1.
Absolute risk of lung cancer
As expected, respondents showed unrealistic optimism in their judgments of the absolute risk of lung cancer. The verbal risk descriptors in the absolute risk questions were assumed to form an interval scale and were assigned values 1 (''very low'') to 5 (''very high''). Current smokers judged their own risk of developing lung cancer significantly lower than they judged the risk of the average smoker (M = 3.17 v 3.77, respectively, F(1, 50) = 61.6, p , 0.0001). In addition, it was found, not surprisingly, that former smokers judged their risk of lung cancer to be much lower than they judged the risk of the average smoker (M = 2.14 v 4.05, respectively, F(1,50) = 971.6, p , 0.0001).
Relative risk of cancer
Respondents' estimates of relative lung cancer risk (that is, smoker's risk compared to non-smoker's risk) are shown in table 2. Current smokers assigned different relative risks to the average smoker than they did to themselves (x 2 (4) = 26.0, p , 0.001). Furthermore, the risk was substantially underestimated for both groups. Over half of current smokers, 55.0%, thought that their own risk was only twice as high as non-smokers or less.
Next, relative risk values were assigned to the verbal response options: same 1; little higher 1.5; twice 2; five times 5; 10 or more times 15. With these assignments, the mean of current smokers' ratings of their own relative risk was 5.45. Their mean rating of the average smoker's relative risk was significantly higher at 7.03 (F(1,50) = 14.9, p , 0.001), again demonstrating unrealistic optimism.
Absolute risk of cancer
Perceived risk for cancer in general increased from never smokers to former smokers to current smokers, with means of 2.38, 2.51, and 2.98, respectively (F(2, 50) = 77.2, p , 0.0001). It is worth noting that current smokers gave slightly higher ratings for their chances of developing lung cancer than for their chances of developing cancer in general (M = 3.17 v 3.02, respectively), with the difference in ratings being almost significant (t(50) = 2.58, p , 0.013). (This comparison was based on those current smokers who answered both questions.)
Risk perceptions and smoking frequency
The association between perceived personal absolute risk and number of cigarettes smoked per day was very weak (r = 0.09, p , 0.01), and the correlation of perceived personal relative risk with daily cigarettes smoked was 0.07 (NS). The correlation between cigarettes per day (daily smokers only) and perceived personal risk of cancer in general was significant (r = 0.19, p , 0.0001), but still weak.
Next, respondents' daily smoking rates (cigarettes per day) were grouped into the categories used in the National Cancer Institute's (NCI) smoker's risk website (http://cancercontrol.cancer.gov/tcrb/smokersrisk): 1-10, 11-19, 20, 21-39, and 40+. This grouping permits a comparison of risk perceptions at different smoking levels with actual risk. The actual relative risk figures are derived from data in the NCI website for the group aged 75-79 (smokers and nonsmokers). The website gives the number of smokers out of 10 000 and non-smokers out of 10 000 expected to die of lung cancer by this age as a function of sex, cigarettes per day, and age of initiation. The separate male and female data from the site were weighted to correspond to the proportion of males and females in the present weighted sample of daily smokers. To provide conservative estimates of actual risk, the statistics in table 3 and absolute lung cancer risk and of absolute cancer risk change very little as the number of cigarettes per day increases.
Curability of lung cancer
Since fewer than 10% of lung cancer patients are alive 10 years after diagnosis 26 ''less than a quarter'' was considered the correct answer for the question concerning the curability of lung cancer. This answer was given by 44% of respondents, 29.3% said ''about a quarter'' were cured, and 26.7% said one half or more. The percentage of those answering correctly varied with smoking status. The correct option was chosen by 47.1% of never smokers, 43.2% of former smokers, and 37.9% of current smokers (x 2 (2) = 24.8, p , 0001).
Myths
Agreement with the smoking myths and risk minimising beliefs is shown in table 4. Substantial proportions of current smokers and, to a lesser extent, former smokers, agreed with these ideas. For example, more than half of current smokers mistakenly believe that exercise can reverse most of the effects of smoking.
Risk perceptions and interest in quitting
Although not a central issue in this paper, the HINTS survey also provided an opportunity to examine the relation between risk beliefs and plans to quit among current smokers. People who planned to quit judged their absolute risk of lung cancer higher than did people who did not plan to quit (3.24 v 2.52, respectively), which is nearly significant (F(1,50) = 6.8, p = 0.012). People who planned to quit also judged their relative risk of lung cancer higher (x 2 (4) = 13.9, p = 0.014). Among those not planning to quit, 57.3% said that their risk was ''the same'' as or ''a little higher'' than non-smokers. Among those planning to quit, only 22.8% gave these responses and the remainder gave higher relative risk estimates. People who did not plan to quit were also more likely to believe that lung cancer is determined primarily by genes (2.23 v 3.00, respectively, F(1, 50) = 19.6, p = 0.0001), where ''strongly agree'' is coded as 1 and ''strongly disagree'' is coded as 4. No significant differences in quitting plans were found as a function of perceived curability of lung cancer, overall personal cancer risk, or myths about exercise, vitamins, or the risk of short term smoking.
DISCUSSION
The present survey provides clear evidence that smokers engage in risk minimisation by convincing themselves that they are not as much at risk as other smokers. This unrealistic optimism was observed even when individuals were only asked to make a single estimate-for themselves or for the average smoker-and it held true whether smokers estimated their chances of developing lung cancer on an absolute, verbal risk scale or compared their lung cancer risk to that of non-smokers on a numerical scale. Our results are consistent with the hypothesis that several previous phone and face-toface studies failed to find unrealistic optimism because they asked for direct self other comparisons and respondents were reluctant to claim lower risk in the presence of an interviewer.
In addition to this optimism in comparisons to other smokers, the data clearly indicate that smokers underestimate the extent to which smoking elevates lung cancer risk above that of non-smokers. More than half of current smokers in this survey regarded their lung cancer risk as no more than twice that of smokers, when, as shown in table 3 and fig 1, even for light smokers in the sample, the relative risk would be about nine times the non-smoker's risk. This underestimation of the magnitude of the increased risk is consistent with other studies that find smokers rate their risk of lung cancer to be no greater than that of non-smokers [27] [28] [29] [30] or only slightly elevated. 17 31 Other findings reveal how imperfectly the amount of tobacco consumed is taken into account in judging personal risk. Perceived personal risks of lung cancer-both absolute and relative-were unrelated with the number of cigarettes smoked per day even though the actual risk varies greatly. This is not to say that smokers think risk is unrelated to the number of cigarettes smoked. Rather, the data show that their sense of the size of the risk is so vague, that their self perceptions (whether asked in verbal or numerical terms) do not reflect this relation.
Furthermore, the overall cancer risk estimates given by respondents were actually slightly lower than the estimates they gave for their risk of one particular kind of cancer, lung cancer. Since less than half of cancer deaths in smokers are from lung cancer (48% for males and 36% for females`), it is obvious that the total cancer risk ought to be perceived as greater than the lung cancer risk.
Finally, many smokers agree with ideas that minimise the seriousness of smoking, such as believing that smoking effects can be reversed by exercise or vitamins, and that lung cancer is mainly determined by one's genes. It is interesting that substantial agreement occurs both with statements that overemphasise the controllability of the risks (by exercise and vitamins) and that minimise responsibility by claiming uncontrollability (determination of risk by genetic factors).
Several of these risk perceptions-absolute and relative risk of lung cancer and beliefs that lung cancer is genetically determined-were positively associated with intentions to quit. It should be kept in mind that we did not ask smokers about their risk if they continued to smoke. Consequently, some who plan to quit may have anticipated a lower future risk, thereby diminishing the association between perceived risk and quitting plans. Although the direction of causality cannot be determined from these correlational findings, the data are consistent with other studies 32 that find perceived risk to be positively correlated with quit attempts.
Data from other studies show that smokers hold a number of beliefs that distance themselves from others' risk. Smokers claim that, compared to the average smoker, they smoke fewer cigarettes, smoke cigarettes with less tar and nicotine, inhale less deeply, are less addicted, and have a healthier lifestyle. 33 1 Smokers also know relatively little about the nature of the illnesses caused by smoking and-as revealed in the present research with respect to the curability of lung cancer-underestimate their severity. 18 They also greatly overestimate the likelihood that their next quit attempt will be successful. 34 Together, the accumulated data demonstrate convincingly that smokers have a very imperfect understanding of the risks of smoking and of risk statistics in general. Furthermore, regardless of what they may acknowledge about the risks faced by other smokers, they believe that their own risk is less. Given the accumulated evidence, the argument that people begin to smoke or continue to smoke with adequate knowledge of the potential risks appears indefensible.
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What this paper adds
Although smokers give lower estimates of smoking risks than do non-smokers, it is difficult to demonstrate that this is caused by smokers underestimating the risks. Smokers show clear unrealistic optimism by claiming that they are less at risk than the average smoker on self administered questionnaires, but this unrealistic optimism has not been found in interview surveys.
Using a large national sample and careful measurement, we showed that unrealistic optimism about lung cancer is present in interview surveys as well. The data collected also expanded the range of smoking risk issues addressed, with smokers clearly underestimating their relative risk of lung cancer compared to non-smokers. Smokers' perceptions of their own risk of lung cancer and of cancer in general barely increased with the number of cigarettes smoked per day, and their estimates of their total risk of cancer were actually slightly lower than their estimates of their risk of lung cancer. Substantial proportions of smokers and former smokers agreed with several myths, with more than half agreeing that exercise undoes most smoking effects.
